Studies of the Influence of moonlight
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otivation and Outline

e The MAGIC telescope

e Motivation

e Observation times

e A model to estimate the diffuse moonlight

e The Sensitivity of the MAGIC | Telescope during
Moon time observations
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Motivation A
— Observation time E/I.rk 501 flare 091 005!
— Diffuse background light dufin n-Jf |.¥1 :
— Twilight observations “M i{!{ %32 prosessne
— Specially designed camera (PMT gain only 3x10%) | S B
— Many phySiCS reSUItS yet E 155_ I Bhgﬂaiel[munt&'mln];&d:D.E|ChIIE|HDF=‘I?.1|‘21I;| —E

Problem Albert crar ApTech (20 5e2 20 B,

Light showers get lost in higher background
— Offline Analysis

B @ =[0.4,0.7]

Task LS | +61 303
Understanding of increased background due to N
moonlight

Understand impacts on data taken

Prove the sensitivity of the telescope depending
on the background light

" Number of excess avents

2hso™ 245™ 2h4g™ 2h35m
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| Brightness Models |

* Moon is gravitationally locked to R ——
S 0.9F- PORMOMAI)
earth Tost ::3 :EZZE :rm ::3: _________________________________________________________
e Brightness of moonlight is in first ‘"—Halflvloomsonly
order discribed by a polynomial 05
law o
e Take also into account distance “*E
from earth (L ~ 1/cf) => 20% A R R
Phase of the Moon
e Further effects mostly brightness oo Eari sz
close to full moon Es0s
e Magnitude from -2.5to -12.9 QWWMMW
. 300
e Moon Phase and the altitude 3
during night is correlated 200
150—
— No full moon during daytime oof ik Neale
.. g A
— No new moon when there is night on 50 D R
032/01 05/02 19/02 05/03 19/03 02/04 - 16/04 30104

earth
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e 1650 h of darktime observations [moon's Altitude for phase < 0.5

e 300 h of 'moon time' S .
Observations With reasonable %;1400: |7/ , .................................. , ................. ..L .................. . ........
assumptions %12““ ..........................................................................................................

+ Half moon is only 10% of the o S U W T T
brightness of full moon TEE s

e We gain 18% more observation %"

. =
time o
. . . . 200

e During this 'moontime’, moon is . N

for 80% below 30° altitude !!! " AR

We have to understand the
background light from moon
at low altitude 1!
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e Several hundred hours of moon observations per year
with MAGIC

e Crab Nebula (galactic) and Mrk 421 (extragalactic) data
from 2007-2008 has been analyzed

Analyzed Data Crab Nebula Mrk 421

Moon data from Feb 07 - until May 08
, 38.6h 37.7h

(moon above horizon, source Zd < 45°)
After bad weather and twilight cuts 36.2h 34 h
Direct Currents (DC) (-medlan of all inner pixels, 0.8—5.7 UA 0.6 8.1 UA
mean value of one minute)
Moon Phase 5% - 53% (80% ) 13% - 78% (94%)
Separation Angle p [Source | Moon] 25°-130° 30°-113°
Moon Altitude up to 55° up to 65°
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- Light is scattered only once!
- Only light scattered in the view cone
is recorded by the camera

- Separation Angle = Scattering Angle
-

L = NSB+ cstGM [A(Zm[F]) IR(p;c,b, 9)

L, (05,d,..,)
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2) Atmospheric Attenuation A(Zmp) Airmass models

Raozenberg
Young and lrvine :
Plainﬂ-pam"el Atm:ﬁpl‘mrﬁ | I_me:xj ........................ . .......................
—— Krisciunas Schaefar (simplified Garstang) :
Analyiic Kodel, 8.65km LaPalma dansily :
M| oooooooo Analytic Modeal, 40km LaPalma density | -. .....................
Analylic Model, 100km LaPalma density :
—— Bemporad

/-

AZm f) =107 5

30

25

Airmass scaled to Zenith

e [ = Scattering parameter
e Zm = Zenith angle moon .

 Well established formulae for ; | | : _
atmospheric attenuation (like from Vega  o&———a 9550
O bse rvat|0 N S) Atmospheric Attenuation

1

20

15

ARNEARS NSNS SR RN R SR AR AN RARN AARRS

e But have to fine tune atmosphere for
moon spectrum and high zenith angles

...................................................................................................................................................

[

..................................................................................................................................

o

Attenuation to Zenith
= = = =

e Atmospheric attenuation is dominated
by Rayleigh scattering

2
tn

T N T LU T TE-RIVIPRIP PRI PRIV PR

.........................................................................................................................................

=
B

I..I..I__l.I..I__I“I.i__I.!.!_!.|.!_!.I..I._|_.I..I_I_llll_l_ll_l_l_ 111

— Rozanberg

T —— Young and Ireire

Plaine-parallel Abmosphara | 1icos(x) E : .,
| — risciunas Schaefer (simplified Garstangy [ froveernnien A 2
Analytic Model, 8.65km LaPalima dansity : : -

| smananan Anahytic Madel, 40km LaPalma density
Analytic Model, 100km LaPalma density

=
5

e Rayleigh crosssection o~w* => Higher
Attenuation for PMT-senstitive light

o
h

.....................................................

=
-

1 1 I 1 1 1 1 I 1 1 1 1 I | 1 1 1 | 1 1 | 1 I 1 | 1 T J
65 T0 75 80 85 a0
Zenith Angle (deg)

=
e
=
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2) Atmospheric Attenuation A(ZmJ}5)
_ Airmasg Zm)-1
A(Zm, ) =10 S v

° IB — Scattering parameter Zenith Moon, CrabNebula 02.11.2007

Almost complete Zenith
correction up to 90°

! = 5r :
 Zm = Zenith angle moon < E Notored DG Data
. u 4.5 :_ ..................... ......................... ............. Zenith dE.‘l:IEHdEHC-E comected data
* Thescattering parameter fcould & £ T e
be estimated to be 0.145+0.010 2ok | ' - =
from the complete data set - == - -

3
* From zenith evolution plots => best

Airmass model with denser

atmosphere 1_;_
e Zenith scaled data is supposed to 1
stay constant (dashed line) 0.5 T N T W S
e Attenuation almost constant for %u S—T '5iu' & i 'Eiu' ——
complete data set Moon Zenith [deg]
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3) Scattering R(p;c,b,q)

cstiR=cE[{L+coS p) +b[P (0, 9)] ey ATnd 241012188

c 1.564 + 0.02262
b cray 0.4795+ 0.01202
g

S| .Mie.dominated..}...... W 0.6678 +0.009092

e Scale measured light to
— Phase
— Distance to earth
— Atmospheric Attenuation
— Correct NSB

e Rayleigh Scattering

e Mie Scattering: approximated by Henyey-
Greenstein function P

Backwa d scattering

ions

A Ny CrabNebuIa ______________

DC (scaled to half moon and Zm=0) [uA]

2_— ..................................................................................................................
e Onlyvalid between p=20-100° -
° For Very Sma” Separation Ang|eS further 1__ ...........................................................................................................................................
scattering effects appear S T T T T
20 40 60 80 100 120

e DCs are direct proportional to Number of
phe or increase in level of NSB light

Moon background light for MAGIC | LaPalma

Separation Angle [deg]

AirmassA0( Zm)—1)

Lo (ZMF,d, p) = NSB+ 156[]2 (1+cos p) + 048R, (0 067)] 2o g™ 2e

1 (O S dmean)
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e QOver 30h of Crab Nebula observations were analyzed

e MAGIC standard analysis chain was performed

e Same analysis parameters for full dataset, to achieve best comparability

e Energy cut of 300GeV was applied

e Stable signal and background event rate up to 1.5 increased galactic NSB light
e Significance even more stable for higher background conditions

Sig nal and Backgrnu nd Events Significance of Crab Nebula Observations under Moon Light
o 24

e
-
=

SR D T J == il s € o .|| —m— sionificance after 60 Minutes |
- : ' —»— Background Events S ““r

| : : : : E 20— : : :

e SRRSO S N S e, ...................... c

: H . . . M m -
- é o 18—
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I ..................... '_i_' ....... ...................... e 10

Mean Number of Events per Minut

N W A Ol N ® ©
|
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________ until 3.5XNSB.2. .. i
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Summary

300h additional observation time per year

A model for estimating the increase of the background light was
developed 3
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Thank You

10th March 2009

Daniel Britzger
Max-Planck-Institut flr Physik and LMU Mdinchen
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